SUMMARY
Biochemical analyses and electron microscopy of mitral valve collagen were carried out in 29 patients with various mitral valve diseases. They were divided into 3 groups: (1) rheumatic heart disease (15 patients), (2) isolated rupture of chordae tendineae (8 patients), and (3) floppy mitral valve (6 patients). Normal mitral valves obtained at necropsy from 6 patients who died from extracardiac causes were used for control observations. Results of the electrophoretic analysis of the collagen of normal and diseased valves showed that all valves contained collagen types I, III, and AB collagen with similar electrophoretic patterns. Electron microscopic observations and comparisons of the segment-long-spacing crystallites of each type of collagen revealed similar band patterns, irrespective of the normal or diseased valves sources. It is concluded that the composition and primary molecular structure of mitral valve collagen are usually not altered in a wide variety of disease processes affecting the mitral valve. 
MATERIALS AND METHODS
This study used tissue from 29 patients who underwent mitral valve replacement due to various mitral valve diseases. These patients were 21 men and 8 women, ranging in age from 17 to 68 years. They were divided into 3 groups according to the etiologic diagnosis, which was confirmed by operative and pathological findings. The rheumatic heart disease group included 15 patients (mitral stenosis alone in 10 and mitral steno-insufficiency in 5).
The spontaneously isolated rupture of chordae tendineae group consisted of 8 patients. The remaining 6 patients had a floppy mitral valve. collagen solution against 0.4% ATP in 0.1M acetic acid for 72 hours (two changes), according to the method described by Timpl et al.10) SLS crystallites were then negatively stained with phosphotungstic acid (0.4%, pH 3.5) and uranyl acetate (1%, pH 4.5),11) and examined with a Hitachi H 500 electron microscope.
RESULTS

Polyacrylamide gel electrophoresis:
The electrophoretic analyses of the pepsin-soluble collagen of mitral valves from normal control and diseased groups are presented in Fig. 2 . The values from all groups contained types I, III, and AB collagen. The individual electrophoretic patterns of the collagen were similar in the normal and diseased groups. Further purification of each type of collagen from the normal and diseased valves was achieved by differential salt precipitation. Polyacrylamide gel electrophoresis of each collagen type also resulted in similar band patterns in the normal and diseased groups (Fig. 3) Electron microscopy of segment-long-spacing crystallites:
In order to compare the number, location, and width of the SLS band patterns, the individual dark bands were identified and numbered according to Bruns et al12) and Wiedemann et al.13) The most distinct dark bands, which are bands 15 and 37-40 in type I and type III molecules, were used as the corresponding regions for matching the distribution of stained dark bands and unstained light bands in the SLS crystallites of each collagen type prepared from normal and diseased valves. Representative SLS crystallites prepared from each collagen type of normal and diseased valves are shown in Figs. 4-6, In general, the individual bands in well-formed crystallites were clearly defined in type I and type III collagen molecules. A comparison of the band patterns appearing in well-resolved crystallites of type I molecules revealed no significant differences between the control and diseased groups (Fig. 4) . The band patterns of type III crystallites were also virtually identical in the normal and diseased groups (Fig. 5) . The individual bands of AB collagen molecules were usually not defined in a satisfactory manner. However, detailed observation and comparison of cross-striation patterns of AB collagen crystallites showed no differences between normal and diseased groups (Fig. 6 ). In summary, although minor variations in the staining intensity of bands may exist in the SLS crystallites of each collagen type, we have generally confirmed the similarity of the band patterns in each type crystallite by examining and comparing SLS crystallites prepared from normal and diseased valves. tribution of collagen defects to the pathogenesis of mitral valve disorders, particularly the floppy mitral valve and the spontaneously isolated rupture of chordae tendineae. The six control valves (which were considered normal) consistently demonstrated the presence of types I, III, and AB collagen in polyacrylamide gel electrophoresis. Regardless of the diseased group, the electrophoretic patterns of the mitral valve collagen were similar to those in the control group; all three collagen species were found in the diseased valves. Further analyses of each types of collagen molecules by electrophoresis also revealed no significant differences in the banding patterns between the normal and disease valves. Thus, there were no differences in the collagen compositions of the normal or diseased valves. The application of electron microscopy to the amino acid sequence analysis of collagen is possible because of the unique properties of the collagen molecules, which align in perfect transverse register to form crystallites in the presence of adenosine triphosphoric acid at low pH.8),12)-16) When stained with solutions of phosphotungstic acid and/or uranyl acetate, the crystallites, segment-long-spacings that are the same length as the collagen molecule, reveal a characteristic banding pattern which reflects the distribution of clusters of charged and uncharged amino acids along the molecule.12),13) The locations of dark bands along the segment indicate the distribution of polar amino acids along the molecule. Therefore, the banding pattern of the SLS crystallites has been used primarily in a qualitative manner for the study of the molecular structure of collagen.12),13) In the present study, a detailed comparison of the banding patterns of each type of collagen molecule showed no significant differences in the number, location, and width of the band patterns along the SLS crystallites of the normal and diseased valves. Recently, Hammer et al4) reported the absence of two collagen species in a patient with a prolapsed mitral valve and ruptured chordae tendineae, and suggested that an altered collagen composition contributed to the development of his mitral valve disorder. However, our patients with a floppy mitral valve and/or ruptured chordae tendineae did not display alterations in the collagen composition. Thus, the report of Hammer et al4) is a particular case which should not be construed to suggest that all mitral valve prolapse and/or ruptured chordae tendineae are a result of altered collagen composition. In summary, both normal and diseased mitral valves contained types I, III, and AB collagen in electrophoretic analyses, and had similar electrophoretic patterns for each collagen type. Electron microscopic observation and comparison of the SLS crystallites of each collagen type revealed similar banding patterns in the normal or diseased valves. Thus, it is suggested that the composition and primary molecular structure of mitral valve collagen are usually not altered in a variety of disease processes affecting the mitral valve.
